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Abstract
The slope length factor is one of the parameters of the Universal Soil Loss Equation(USLE)and the Re鄄
vised Universal Soil Loss Equation(RUSLE) and is sometimes calculated based on a digital elevation model
(DEM). The methods for calculating the slope length factor are important because the values obtained may de鄄
pend on the methods used for calculation. The purpose of this study was to compare the difference in spatial
distribution of the slope length factor between the different methods at a watershed scale. One method used the
uniform slope length factor equation(USLFE)where the effects of slope irregularities( such as slope gradient,
etc郾 )on soil erosion by water were not considered. The other method used segmented slope length factor equa鄄
tion(SSLFE)which considered the effects of slope irregularities on soil erosion by water. The Arc Macro Lan鄄
guage(AML)Version 4 program for the revised universal soil loss equation(RUSLE),which uses the USLFE,
was chosen to calculate the slope length factor. In a parallel analysis,the AML code of RUSLE Version 4 was
modified according to the SSLFE to calculate the slope length factor. Two watersheds with different slope and
gully densities were chosen. The results show that the slope length factor and soil loss using the USLFE method
were lower than those using the SSLFE method,especially on downslopes(i郾 e郾 ,the areas of lower relative ele鄄
vation)and at the watershed with frequent steep slopes and high gully densities. In addition,the slope length
factor and soil loss calculated by the USLFE showed less spatial variation.
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1摇 Introduction
The Universal Soil Loss Equation(USLE) (Wischmeier and Smith,1978) and its derivatives,including the
Revised Universal Soil Loss Equation(RUSLE) (Renard,1997) and the modified USLE(Williams,1995),have
been widely used to estimate soil erosion caused by rainfall and runoff. The slope length factor L in the USLE is a
parameter that reflects the effect of slope length on soil erosion and is the ratio of field soil loss to that from a
22. 13鄄m slope. The value of L is expressed as
L = 姿( )22郾 13
m
(1)
where m is the slope length exponent,a slope鄄contingent variable,and 姿 is the field slope length. The slope length
is defined as the horizontal distance from the origin of overland flow to the point where either(1)the slope gradient
decreases sufficiently to allow deposition to begin or(2) the runoff becomes concentrated in a defined channel
(Wischemeier and Smith,1978). Eq. (1) is used to calculate the slope length factor if the slope profile is uni鄄
form. Foster and Wischmeier (1974) analyzed the soil loss data provided by Young and Mutchler (1969) from
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uniform,concave and convex field slopes in a study where the factors of rainfall erosivity,soil erodibility,average
slope steepness,slope length,cover and management and supporting practice were the same for all three slope
shapes. They found that Eq. (1)cannot be used to calculate the slope length factor of complex slopes. Under this
condition,the slope profile should be divided into segments. For each segment,Foster and Wischmeier(1974)sug鄄
gested that Eq. (2)be used to estimate the slope length factor for the segmented slopes as follows:
Li =
姿m+1i - 姿m+1i -1
(姿 i - 姿 i -1)(22郾 13)m
(2)
where Li is the slope length factor for the ith segment,姿 i and 姿 i-1 are the distance from the upslope boundary of the
field or hillslope to the lower boundary of the ith and( i-1)th segment,respectively,and m is the slope length ex鄄
ponent.
If the USLE / RUSLE is used at a watershed or a regional scale,the watershed is usually expressed in grid
cells based on a Digital Elevation Model(DEM). The slope length factor is also calculated on the basis of grid
cells. Each grid cell is a segment of an intact slope profile. Under these conditions,the segmented slope length fac鄄
tor equation(SSLFE,i郾 e郾 ,Eq. 2) is more reasonable than the uniform slope length factor equation(USLFE,i郾 e.
Eq. 1)for calculating the slope length factor. Some soil erosion models,such as the agricultural non鄄point source
pollution model(AGNPS) (Young et al. 1989) and the soil and water assessment tool( SWAT) (Arnold et al郾 ,
1998;Neitsch et al. 2002)use the uniform slope length factor equation( i郾 e郾 ,Eq. 1) to calculate the slope length
factor. Hickey et al. (1994),Hickey(2000)and Van Remortel et al. (2001)developed computer programs for cal鄄
culating the slope length factor also using the uniform slope length factor equation. In addition,several studies also
used the uniform slope length approach(Eq. 1)to evaluate the slope length factor when USLE or RUSLE were used
to assess the soil erosion in a watershed scale or region scale(Rodr侏guez et al郾 ,2010;Jebari et al郾 ,2012;Prasan鄄
nakumar et al郾 ,2012;Xu et al郾 ,2013;Alexakis et al郾 ,2013).
The objective of this study was to understand how the use of Eq. (1)affects the calculation of the slope length
factor at the watershed scale. Previous research has not been conducted to compare the differences in the magni鄄
tudes and spatial distributions of the slope length factor between Eq. (1) and Eq. (2) at a watershed scale. The
specific aims of this study were:(1)to compare the difference in the spatial distributions of the slope length factor
obtained from Eq. (1)and Eq. (2)at a watershed scale and(2)to evaluate the relative impacts of the two different
methods for calculating slope length factor on soil erosion calculation at a watershed scale.
2摇 Methods
2郾 1摇 Study area
Two watersheds were selected to evaluate the differences in the spatial distributions of the slope length factor
at a watershed scale from different methods of calculating the slope length factor. The contour lines of 1 颐 10,000
topographic maps of the two watersheds were used to extract the DEM with a grid size of 5 m. The DEM was crea鄄
ted in the Arcmap 9郾 3 software using the tool of “ArcToolbox / 3D Analyst Tools / Raster Interpolation / Top to Ras鄄
ter冶 . The two study areas had different gully densities and slope steepness values. The first study area,Danangou
watershed,with an area of 2郾 1 km2,is located in the loess hilly鄄gully area of Shaanxi Province,in northwestern
China. The gully density of the watershed is 4郾 4 km km-2 . The slope is steep,and 82% of the slope is greater than
15毅(Table 1). The second study area,Heshan watershed,with an area of 2郾 3 km2,is located in Heilongjiang Prov鄄
ince,in northeastern China. The slope is gentle,and 99郾 6% of the slope is less than 5毅. The gully density is 1郾 4
km km-2 . The details of the slope components of the two watersheds were shown in Table 1. The main landuse at
both watersheds is farm land. The main crops were corn and foxtail millet at the Danangou watershed and corn,
bean and potato at the Heshan watershed.
Table 1 The gradient composition and gully density at two watersheds
Site
The proportion of different gradient(% )
0 5毅 5毅 8毅 8毅 15毅 15毅 25毅 25毅 35毅 逸35毅
Gully Density
km km-2
Danangou 3郾 06 3郾 69 11郾 29 22郾 63 27郾 57 31郾 76 4郾 4
Heshan 99郾 59 0郾 41 0郾 01 — — — 1郾 4
2郾 2摇 The calculation method for the slope length factor
An Arc Macro Language(AML)program of RUSLE Version 4 provided by Van Remortel et al. (2001)was
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downloaded from the webpage http: / / www郾 onlinegeographer郾 com / slope / slope郾 html to calculate the slope length
factor L. The principal steps included filling the single鄄cell sinks and calculating the flow direction,slope angle,
non鄄cumulative slope length,accumulative slope length,and slope length factor. A detailed description of the pro鄄
gram was provided by Van Remortel et al. (2001). In the program,the slope length factor of each grid was calcu鄄
lated using the USLFE and was expressed Eq. (3). The detailed slope length exponent m values in Eq. (3)were
shown in Table 2.
Li =
姿 iæ
è
ç
ö
ø
÷
22郾 13
m
(3)
where Li is slope length factor for the i grid cell,姿 i is accumulative slope length for the i grid cell by summing the
non鄄cumulative slope lengths along the flow direction beginning at the high points.
The program was then modified based on the AML code of RUSLE Version 4 using the slope length factor as
calculated with Eq. (2)in place of Eq. (1). When Eq. (2)was used at a watershed expressed in grid cells,姿 i-1
and 姿 i in Eq. (2)were the accumulative slope length for the i-1 and i grid cell along the water flow direction,re鄄
spectively. No other changes to the program were made. The detailed slope length exponent m values in Eq. (2)
were the same as those used by Van Remortel et al. (2001).
Table 2 Slope length exponent m
Slope(毅) m Slope(毅) m
<0郾 1 0郾 01 6郾 3 7郾 4 0郾 37
0郾 1 0郾 2 0郾 02 7郾 4 8郾 6 0郾 4
0郾 2 0郾 4 0郾 04 8郾 6 10郾 3 0郾 41
0郾 4 0郾 85 0郾 08 10郾 3 12郾 9 0郾 44
0郾 85 1郾 4 0郾 14 12郾 9 15郾 7 0郾 47
1郾 4 2郾 0 0郾 18 15郾 7 20郾 0 0郾 49
2郾 0 2郾 6 0郾 22 20郾 0 25郾 8 0郾 52
2郾 6 3郾 1 0郾 25 25郾 8 31郾 5 0郾 54
3郾 1 3郾 7 0郾 28 31郾 5 37郾 2 0郾 55
3郾 7 5郾 2 0郾 32 逸37郾 2 0郾 56
5郾 2 6郾 3 0郾 35
摇 摇 In the programs,the area of deposition was considered using cutoff slope angle which was defined as the
change in slope angle from one cell to the next along the flow direction(Hickey,2000). The cutoff slope angle
ranged from 0 to 1 for all areas. In this study,it was set to 0郾 5 for the slope gradient of 5% or greater and 0郾 7 for
the slopes less than 5% (Van Remortel et al郾 ,2001).
2郾 3摇 Soil loss evaluation
The soil loss was calculated to evaluate the effects on the soil loss estimates of two different methods for calcu鄄
lating the L factor. The USLE equation(Eq. 4)was used.
A = R·K·L·S·C·P (4)
where A is soil loss(t ha-1 yr-1),R is the rainfall erosivity(MJ mm ha-1 h-1 yr-1),K is the soil erodibility(t ha h
ha-1 MJ-1mm-1),L is the slope length factor,S is the slope steepness factor,C is the cover and management fac鄄
tor,and P is the support practice factor. The slope steepness factor S was calculated using Eq. (5)and Eq. (6)and
was extracted using the AML program of RUSLE Version 4 based on the DEM.
S = 10郾 8sin兹 + 0郾 03摇 (兹 臆5郾 14毅) (5)
S = 16郾 8sin兹 - 0郾 5摇 (兹 > 5郾 14毅) (6)
where 兹 is the slope steepness(毅).
Few conservation support practices were used in either watershed;hence the P factor for both watersheds was
set to 1郾 0. The other erosion factors,including R,K and C,were calculated using data from field observations. At
Danangou watershed,R,K and C were 1郯 000,0郾 037 and 0郾 51,respectively. At Heshan watershed,R,K and C
were 1,500,0郾 033 and 0郾 27,respectively. The soil loss was calculated using Arcmap 9郾 3 software.
3摇 Results and discussion
3郾 1摇 The effect on the slope length factor
For the two watersheds,the L factor calculated using the segment slope calculation(SSLFE)had greater mean
and maximum values than the L factor calculated using the uniform slope calculations(USLFE)(Table 3). In the
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Danangou watershed,which had steeper slopes and a greater gully density,the increases were more evident. The
maximum L factor from the SSLFE was 54% greater,and the mean value increased by 36% . The values of the
slope length factor calculated with the USLFE generally varied from 0郾 01 to 1郾 6. 96% of the L factor values from
the USLFE varied from 0郾 29 to 2郾 0 for Danangou watershed,whereas 81% of the L factor values from the SSLFE
varied from 0郾 29 to 2郾 0 for the same watershed(Fig. 1). For Heshan watershed,93% of the L factor values varied
from 0郾 45 to 2郾 0 if the USLFE was used,whereas 73% of the L factor values varied from 0郾 45 to 2郾 0 if the SS鄄
LFE was used(Fig. 1). The results indicated that the distribution of the L factor value obtained from the USLFE
was more concentrated and had smaller coefficients of variation(Table 3).
Table 3 Comparisons of statistic parameters of L factor
Parameters*
Danangou
USLFE SSLFE
Relative error
(% )
Heshan
USLFE SSLFE
Relative error
(% )
Min 0郾 29 0郾 29 0 0郾 45 0郾 45 0
Max 3郾 80 5郾 85 54 3郾 14 4郾 30 37
Mean 0郾 92 1郾 25 36 1郾 37 1郾 65 20
Stdev 0郾 52 0郾 85 63 0郾 41 0郾 57 39
CV 0郾 57 0郾 68 20 0郾 30 0郾 35 15
摇 *摇 Min is the minimum value;Max is the maximum value;Mean is the average value;Stdev is standard deviation;CV is coefficient of variation;US鄄
LFE is the uniform slope length factor equation and SSLFE is the segmented slope length factor equation.
Fig郾 1摇 The comparisons of cumulative frequencies [(a)Danangou;(b)Heshan]
[Eq. (1)and Eq. (2)were the equation of slope length factor for uniform slope profile and segmented slope profile,respectively]
The spatial distributions of the slope length factor differed significantly between the two methods(Fig. 2). The
L factor obtained with the SSLFE had greater values than those from the USLFE method. More than 60% of the ar鄄
ea had a relative difference greater than 20% for both watersheds. In terms of the spatial distribution of slope
length(Fig. 3),the differences between the values of the L factor at the downslopes(i郾 e郾 ,the areas of lower rela鄄
tive elevation)were more evident. Thus,the L factor values using the USLFE method were lower than those using
SSLFE method,especially at the downslopes.
3郾 2摇 The effect on soil loss
The soil loss calculated with the SSLFE had greater mean and maximum values than those with the USLFE
(Table 4). The increases were more obvious at Danangou watershed. The maximum soil loss calculated from the
SSLFE represented a 54% increase,and the mean increased by 39% . The areas for different soil erosion intensities
were significantly different(Table 5). The area with soil loss greater than 150 t ha-1,which was the site of the most
serious soil erosion in the region,represented 44郾 9% of Danangou watershed when the SSLFE was used,. This
area was decreased by 12% when the USLFE was used at the Danangou watershed,where steep slopes were fre鄄
quent and the gully density was high. The area in which the soil loss was greater than 25 t ha-1 was increased by
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Fig郾 2摇 The difference in L factors for two methods [(a)Danangou;(b)Heshan]
(The difference is L factor values from SSLFE minus those from USLFE)
2郾 8% compared with the USLFE when the SSLFE was used at Heshan watershed,where steep slopes were infre鄄
quent and the gully density was low. These results indicate that the soil loss using USLFE method decreased impor鄄
tantly at the watershed with frequent steep slopes and high gully densities.
Table 4 Comparisons of statistic parameters of soil loss( t ha-1)
Parameters*
Danangou
USLFE SSLFE
Relative error
(% )
Heshan
USLFE SSLFE
Relative error
(% )
Min 0郾 9 1郾 0 9 0郾 4 0郾 4 0
Max 792 1,223 54 57郾 8 79郾 1 37
Mean 127 177 39 9郾 2 11郾 3 23
Stdev 104 162 56 5郾 3 7郾 0 33
摇 *摇 Min is the minimum value;Max is the maximum value;Mean is the average value;Stdev is standard deviation;USLFE is the uniform slope length
factor equation and SSLFE is the segmented slope length factor equation.
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Fig郾 3摇 The slope length distribution [(a)Danangou;(b)Heshan]
Table 5 Comparisons of area percentage for different soil loss intensity(% )
Soil Loss
( t ha鄄1)
Danangou
USLFE SSLFE
Heshan
USLFE SSLFE
0 2(10)* 4郾 1 4郾 1 5郾 4 5郾 3
2(10) 25 6郾 5 6郾 0 93郾 2 90郾 4
25 50 14郾 3 12郾 9 1郾 4 4郾 2
50 80 17郾 8 15郾 0 0郾 0 0郾 1
80 150 24郾 5 17郾 1
>150 32郾 7 44郾 9
摇 *摇 2 and 10 is the soil loss tolerance at Heshan and at Danangou watershed,respectively.
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The spatial distributions of soil loss differed significantly between the two methods(Fig. 4). This difference
was particularly evident at Danangou watershed,where the difference in soil loss was as much as 431 t ha-1 . The
soil loss calculated by the SSLFE showed more obvious variation. The coefficients of variation of soil loss from the
USLFE and the SSLFE were 0郾 82 and 0郾 92,respectively,at Danangou watershed and 0郾 58 and 0郾 62,respective鄄
ly,at Heshan watershed. Compared with the distribution of slope length(Fig. 3),the soil loss at the downslopes dif鄄
fers more markedly.
Fig郾 4摇 The difference in soil loss [(a)Danangou,(b)Heshan]
(The difference is soil loss from SSLFE minus those from USLFE)
4摇 Conclusions
In this study,the USLFE and the SSLFE suggested by Foster and Wischemeier(1974)were used to calculate
the slope length factor at the watershed scale. The results show that the values of the slope length factor and soil
loss using the USLFE method were lower than those using the SSLFE method,especially at the downslopes and the
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watershed with more frequent steep slopes and higher gully densities. In addition,the USLFE estimated smaller a鄄
mounts of spatial variation in the slope length factor and in soil loss.
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